Few studies show patient outcomes over time in chronic obstructive pulmonary disease (COPD). In the present study, we monitored forced expiratory volume in the first second (FEV 1 ) and other manifestations of the disease over 3 years in 133 COPD patients (69% males, age = 65 ± 9 years, FEV 1 = 59 ± 25%) evaluated at baseline. During follow-up, 15 patients (11%) died and 23 (17%) dropped out. Measurements for 95 (72%) COPD patients alive after 3 years were analyzed. FEV 1 , body mass index (BMI), 6-min walking distance (6MWD), Medical Research Council scale (MRC), Saint George's Respiratory Questionnaire (SGRQ), Charlson Comorbidity index, and BODE index were obtained at baseline and after 3 years. At baseline, 17 patients (18%) presented mild, 39% moderate, 19% severe, and 24% very severe COPD. Predicted FEV 1 % and BMI did not change over the period (P > 0.05). FEV 1 in liters [1.25 (0.96-1.72) vs 1.26 (0.88-1.60) L; P < 0.001], 6MWD (438 ± 86 vs 412 ± 100 m; P < 0.001), MRC [1 (1-2) vs 2 (1-3); P = 0.002], Charlson index [3 (3-4) vs 4 (3-5); P = 0.009], BODE index (2.2 ± 1.8 vs 2.6 ± 2.3; P = 0.008), and total SGRQ (42 ± 19 vs 44 ± 19%; P = 0.041) worsened after 3 years compared to baseline measurements. These data show that COPD patients deteriorated during the 3-year follow-up despite the fact that they had only minor modifications in airway obstruction and body composition. They support the need for comprehensive patient assessment to better identify disease progression.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by chronic airflow limitation and a range of pathological changes in the lungs, some significant extra-pulmonary effects, and important comorbidities, which may contribute to the severity of the disease (1) . The recognition and quantitation of disease manifestations provide a more comprehensive assessment of disease severity and are important for the determination of prognosis (1) . However, in comparison to physiological changes in pulmonary function, the progression of other patient outcomes over time has been examined less frequently.
The traditional pulmonary function test assessed by the forced expiratory volume in one second (FEV 1 ) is known to correlate poorly with dyspnea (2), health status (3), and exercise intolerance (4) . Furthermore, longitudinal studies have shown that changes in the dyspnea sensation occur independently of alterations in airway obstruction assessed by FEV 1 (5,6). Oga et al. (7) showed deterioration of health status over 5 years, with changes being only weakly correlated with
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changes in FEV 1 (7) . Another longitudinal study showed that exercise tolerance declined over time without correlation with the rate of decline in FEV 1 (8) .
These data show that follow-up surveys are important for capturing the overall deterioration during COPD. The present study is the first designed to evaluate the follow-up of respiratory and systemic markers of disease in Brazilian COPD patients in order to determine whether the follow-up of the disease presents the same pattern as described by previous investigators in international studies.
score (16) . Dyspnea was assessed using a validated Brazilian version of the Medical Research Council (MRC) scale (17) .
Exercise tolerance
The 6MWD was performed according to the guidelines of the American Thoracic Society (18) . Patients were instructed to walk, attempting to cover as much ground as possible within 6 min. A research assistant timed the walk, and standardized verbal encouragement was given. Following a rest of at least 30 min, each subject performed a second 6MWD in the same manner as the first. Patient SpO 2 was monitored throughout the test. Patients who were hypoxic at baseline and patients whose SpO 2 decreased to <85% during the test were given oxygen by a physical therapist who wheeled an oxygen tank in a handcart alongside the patient. Before and after the test, data were obtained for SpO 2 , heart rate, respiratory rate, dyspnea sensation (Borg scale dyspnea score), and blood pressure. The distance covered is reported in meters. There are two different references to define the minimum clinically significant decline in 6MWD (19, 20) : a reduction ≥54 m (19) or ≥35 m (20) from baseline. In this study, we evaluated the 6MWD decline according to both definitions.
BODE index and comorbidity evaluation
The BMI/airflow obstruction/dyspnea/exercise capacity (BODE) index was calculated using the model described by Celli et al. (21) . BODE scores were categorized as class 1 (score: 0 to 2), class 2 (score: 3 to 4), class 3 (score: 5 to 6), or class 4 (score: 7 to 10) (21) . Each patient's BODE was classified as being decreased (≥1 point), stable, or increased (≥1 point) based on its absolute change from baseline, as reported by Martinez et al. (22) . Data on comorbidities were collected from the patients' medical records and quantified according to the Charlson index (23).
Statistical analysis
All data were analyzed using the SigmaStat 3.2 (Inc., USA) software. Means ± SD or median interquartile range (25-75%) was used depending on the data distribution. When comparing excluded patients to those who completed the study, the unpaired t-test was used for continuous variables and the Mann-Whitney test for ordinal variables. The paired t-test or Wilcoxon test was applied to compare the characteristics at baseline to those observed after 3 years. Chi-square tests were used to evaluate qualitative variables with a frequency higher than five. The level of significance was set at P < 0.05.
Results
Of the 133 patients initially evaluated, 38 were excluded from the final analyses; 15 patients died and 23 dropped out. The causes of deaths were pulmonary complications resulting from COPD in 8 patients, cardiovascular disease in 5 patients, splenic abscess/septic shock in one patient, and colon cancer in one patient. Dropouts were due to one of the following reasons: unable to contact (N = 9), declined to participate (N = 12), inability to perform the 6MWD (N = 1), and clinical worsening of congestive heart failure (N = 1). Thus, 95 patients were monitored for 3 years. Comparisons of the dropouts and of the patients who died versus those completing the study did not show significant differences at baseline ( Table 2) .
At baseline, the mean age of the 95 patients studied (66% men) was 64 ± 9 years and smoking exposure was 54 ± 28 pack-years; 32 patients (33%) were smokers, and 8 patients (25%) stopped smoking during follow-up. As to severity, 17 patients (18%) presented mild, 39% moderate, 19% severe, and 24% a very severe COPD. There was no difference in the proportion of patients within each disease severity category at baseline and after 3 years (P = 0.865).
The comparison of patient characteristics at baseline and after 3 years is shown in Table 3 . There was no significant change in FEV 1 or FVC values after the use of a bronchodilator, expressed as % of predicted values, or in body composition. The FEV 1 value, in liters, worsened significantly, with a mean rate of decline of 26 mL/year (95%CI = 15-38 mL/ year; P = 0.001). The FVC value, in liters, also worsened significantly during the study period. There were significant deteriorations of SpO 2 , MRC, and BODE index compared to baseline. Twenty-seven patients presented weight loss (>1 unit BMI), 52% of whom were in severe to very severe stages of the disease.
According to the criteria set for the study, 41 patients (43%) showed stability of BODE index, 37 (39%) worsened (increase ≥1 point) and 17 (18%) presented improvement ≥1 point. Of the 37 patients who deteriorated, 25 (67%) presented severe or very severe COPD. As to the variables that compose the BODE index, in 35 patients the increase in the index was due to an increase in the MRC, the 6MWD decreased in 6 patients while 7 showed concomitant changes.
The 6MWD decreased significantly after 3 years. According to the values proposed by different investigators (19, 20) , 31 patients (32%) presented clinically significant worsening (≥54 m) and in 36 patients (38%) the decrease in 6MWD was
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≥35 m. The proportion of patients with a minimum clinically significant decline ranged from 50 to 58% among patients with severe or very severe disease. The Charlson index increased significantly during the study period [3 (3-4) vs 4 (3-5); P = 0.009]. In 20 patients, the increase was attributable only to the change in patient age. Health status presented a significant increase in the activity domain score (52 ± 21 vs 60 ± 22%; P < 0.001) and SGRQ total score (42 ± 19 vs 44 ± 19%; P = 0.041; Figure 1 ). Fifty-one percent of the patients presented clinically significant worsening (≥4%) in SGRQ total score while 58% showed deterioration in the activity domain.
Discussion
We have performed a 3-year follow-up of respiratory and systemic manifestations of COPD patients. Decreased exercise tolerance and increased dyspnea sensation may occur despite only minor modifications in airway obstruction and body composition. Furthermore, the multidimensional BODE index, which includes various aspects of the disease, showed significant worsening during the 3-year study period. Taken together, these data agree with international studies and support the concept that monitoring of patients with COPD should include other indicators in addition to those related to airway obstruction.
FEV 1 is a simple and valid measurement of airflow obstruction and is often used to stage disease severity in COPD (1). In our study, the value of FEV 1 , expressed as percentage of predicted values, showed no significant change during the 3-year follow-up, while the value in liters decreased significantly. The mean rate of decline in FEV 1 was 26 mL/year, and only 22 patients (23%) presented changes greater than 200 mL and 12% within a 3-year period. These results are consistent with those reported by Casanova et al. (8) , who showed that FEV 1 values, in liters, declined significantly over 5 s, with a 23 mL/year mean rate of decline.
Despite minor modifications in airway obstruction and body composition, the exercise tolerance decreased and dyspnea sensation increased during the study period. The deterioration in exercise tolerance was clinically significant in 32% (≥54 m) to 38% (≥35 m) of the subjects and the proportion of patients with these declines was very similar among the different categories of disease severity. Another prospective study evaluated COPD patients with a wide range of airflow obstruction during a 5-year period. They also showed an annual decline of the 6MWD; however, in contrast to our findings, the 54-m decrease was really significant only in patients whose FEV 1 was less than 50% of predicted values (8) .
Another symptom related to COPD severity that worsened significantly during follow-up was the dyspnea assessed by MRC. In 76 COPD patients monitored for 2 years, Mahler et al. (5) found that, despite improvement in lung function, dyspnea scores assessed by the Transition Dyspnea Index (TDI) increased significantly. Other studies have also shown uncoupling between dyspnea perception and airway obstruction over time (6,7). Lareau et al. (6) showed a significant decrease in mean FEV 1 values (% predicted) without change in dyspnea scores after 5 years of follow-up of 34 COPD patients. Our results agree with Oga et al. (7) who showed a significant worsening of dyspnea within 5 years of follow-up and a weak correlation between changes in dyspnea and the decline in pulmonary function. In summary, our data support the concept that changes in the dyspnea sensation occur independently of alterations in airway obstruction assessed by FEV 1 . Therefore, assessment of dyspnea in the monitoring of COPD is crucial and should be undertaken independently of spirometry monitoring according to the recommendations of Brazilian and international guidelines (1, 9) . These data also support the view of the importance of inclusion of pulmonary rehabilitation in the management of COPD patients since this treatment modality has a beneficial effect on dyspnea sensation and exercise tolerance (24) .
Our results revealed no significant change in body composition after the 3-year period. Prescott et al. (25) evaluated 1612 patients with COPD (736 women and 876 men) and reported that the mean weight loss was greater in patients with severe and very severe degrees compared to those with mild to moderate stages of the disease after 5 years. The proportion of patients who had a weight loss (>1 unit BMI) was 30% in patients with severe COPD. Our results showed that 27 patients (28%) presented weight loss (>1 unit BMI), and 52% of them presented severe to very severe COPD. We also showed a prevalence of malnutrition (BMI <21 kg/m 2 ) at baseline (20%) similar to that previously reported in studies conducted in Brazil and reported in the international literature (26) (27) (28) . The prevalence of FFM depletion at baseline was on average 40%, with no difference between classes of disease severity. In the literature, the prevalence of FFM depletion varies from 18 (27, 28) to 52% (29) depending on the patient group, illness severity and depletion criterion employed.
The BODE index increased significantly during the study period, supporting the importance of multidimensional assessment in monitoring COPD patients. The main variable determining the increase in BODE index was dyspnea, assessed by MRC. In our study, despite the significant decrease in mean 6MWD results, the proportion of patients who had an increased BODE index due to changes in the 6MWD was low, since the mean 6MWD values were greater than 365 m. These results are supported by the fact that the time spent walking in daily life in the Brazilian COPD group (56 ± 32 min/day) was markedly longer than that observed in the Austrian sample (40 ± 36 min/day) from the study of Pitta et al. (30) .
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In the present study, in addition to evaluating the components of the BODE index we investigated the health status of the patients. During follow-up we observed a significant worsening in the activity domain and SGRQ total score, in agreement with data reported by Oga et al. (7), who showed a deterioration of health status as indicated by an increased activity and impact domain, and SGRQ total score after a 5-year period. The increase in dyspnea sensation may partially explain these results since this symptom is an important determinant of health status (7, 31) . These results suggest that health status scores should be included as part of a comprehensive assessment to evaluate disease progression.
The present study has some limitations. First, we excluded patients with comorbidities; therefore, many patients seen in clinical practice may not have been well represented in our study. Although the total sample size was sufficient to draw conclusion about group evolution, the power of the study was not ideal for subgroup analyses according to disease severity, which were not performed. Since the sample size of the patients who stopped smoking during follow-up was very small, the influence of smoking cessation was not evaluated. In our study, the proportion of patients who presented health status deterioration was greater than the proportion of those presenting deterioration in 6MWD and BODE index. In addition to the increase in dyspnea sensation, psychological factors may also have influenced these results (32) . However, these evaluations were not included in our design. We also recognize that comparisons with previous studies (7, 8) may indicate some discrepancies due to differences in follow-up time; however, for most of the outcomes our findings were similar to those previously described. In addition, data about exacerbations during follow-up were evaluated for the entire group and have been presented in a previous publication (33) . However, their influence on patient follow-up was not evaluated in the present study.
The present study has shown that, regardless of the development of airway obstruction and body composition, there is worsening of other systemic manifestations of COPD over time. These findings in Brazilian patients with COPD agree with other studies that evaluated COPD patients and support the need for a more comprehensive assessment of the patient to better identify disease progression. Data are reported as means ± SD or as median (25-75% interquartile range). F/M = female/male; FEV 1 = forced expiratory volume in the first second (% of predicted); FVC = forced vital capacity (% of predicted); BMI = body mass index; 6MWD: 6-min walking distance; MRC = Medical Research Council; SpO 2 = pulse oximetry; BODE index = BMI/airflow obstruction/dyspnea/exercise capacity. There was no significant difference between groups (unpaired t-test or Mann-Whitney test). 

